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Z. Bakt. Parasit. Infect. & Hyg. 182: 232-37, 1961

THE SELECTION OF ANTHRAX BACILLI FROM LIQUIDS
GUOESLY CONTAIINATED WITH E. COLI

3. Gillissen & H.G. Scholz

1c examined a simple method for the selection of an-
thrax bacilli specifically from waste waters grossly contam-
inated with E. coli; only a few references !or such separa-
tions are available in the literature. Since in addition
to anthrax bacilli a considerable number of other bacteria
grew on the lysozyme and hemin containing substrate mention-
ed by Pearce and Powell, Morris added 4:4-diamidino-dipheno-
xypropane (Propamidine) to a peptone-NaCl agar. According
to Light and Co. this substance is available neither in Ger-
many nor in England. This medium inhibited the growth of
the anthrax bacillus, Bacillus cereus and Proteus, as well
as all other bacteria tested, 'fesame behavior was report-
ed for vegetative gnLhrax bacilli. Larger amounts of addi-
tional erythrocy.us counteracted the action of the Propami-
dine.

The p-occeure described hQae is based on he fact that
polymyxin B is .dcd in a corresponding concentr..tion to a
synthetic ,.di, .hich permits the growth oi 2. ,li but in-
hibits the ,eii,.ination of anthrax spores. The ant-i0iotic
kills the r.u ipying E. coli but does not affect the anthrax
spores. Polymyxin B was chosen because vegetative forms of
Lhe anthrax bacilli -- especially the spores -- are quite
resistent to this substance (Boger). Anthrax bacilli can be

*detected very easily in a culture treated in this manner.

Materials and M:ethods

Test strains were the following: Anthrax bacillus
strain 1-5 (44/51, 45/51, 1888, 1889, 1894), which were kind-
ly donated by Dr. Brandis; anthrax bacillus strains 6 and 7
(,B 1. 4. 60, .13 animal hygiene), which were kindly donated
by Dr. Linzenheimer, and strain 8 (Hygienic Institute, Mainz),
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a& o ll as one strain each of E. coli, Bac. subtilis. B. me-
s:ntcricus, Asp. 'llavus and Staph. albus this last strain
was not used i~r aT 11 tests). Suspensions of the spores werc
prepared by washing 8 day old agar slants with 6 ml distilled
uater. Vegetative bacteria were prepared from young 16-18 hr
broth cultures.

According to the work of Brewer et al. on a growth
medium for anthrax bacilli, a synthetic-meU-ium was prepared
which permitted the growth of E. coli, but inhibited the ger-
mination of anthrax bacillus spores. This medium contained
0.1 g CaCl2 6 1120; 0.01 g FeSO 4  7 H2 0; 0.05 g "1gSO 4
7 -2; 0.03 g '%InSO 4  4 H20; 8.0 g glucose; 5.0 g K2HPO4;
4.0 g KH 2PO4 in enough water to make one liter; in addition
0.2 Ag thiamine/ml; 530 ?g leucine/ml and 320 Ulg methionine/
ml were auded. Lastly, polymyxin B was added to the mudium
in a linal concentration of 100 $1g/ml. For the preparation
of a solid medium, agar was added in a final concentration
of 2"0'. Other media used were nutrient agar, blood agar and
a Czapek-Dox Medium. F,*r the filtration of the bacteria sus-
pensions a iC0 5 membrane filter which is manufactured by
Membranfiltergesellschaft in Goettingen, was used.

Results

If the synthetic medium rentioned is innoculated with
the experimental bacteria (final dilution of the suspension
containing the snores - 10- 3 and that containing the vegeta-
tive cells = 10-2), no visible growth is obtain(-d with the
anthrax bacillus strain "8 over a period of six days, while
the subcultures on agar are positive, Bac. subtilis, Bac.
mesentericus, ;. coli as well as Asp. flavus, howeveriT1d
grow on the liqui m--edium. AccorWT-hg to the data in this
experiment, the germination of the anthrax bacillus spores
is inhibited without killing them. If all other conditions
are kept the same, but polymyxin B is added in a final con-
centration of 100 9g/ml, Asp. flavus and Bac. subtilis will
grow. Colifoi'm organisms, however, area already kil-l-e-d
after 24 hours and growth of anthrax bacilli and Bac. mesen-
tericus cannot be observed; subcultures from thes--plat-s,
however, showed normal growth. Both of these species, there-
fore, behave very similarly in the liquid media.

The results were confirmed by a quantitative determin-
ation of the bacteria concentration in this medium contain-
ing a polymyxini B concentration of 100 ag/ml after an incu-
bation period at 37*C. Seven agar plat'es each were innoculated
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with 0.3 -1 o' an adequate earlic" dilution of the culture
and the nunibur ol living organibI;is in the cultures calculat-
ed from thc nu;bur of colonies appearing on the plates, by
taking into account, of course, the dilution factor.

Table I

Change in the Concentration of Living Bacteria in
Synthetic Medium Containing 100g

Polymyxin B Per ML

®Ver.ucli. ® Keirnko,.entr!ion pro nl > 10'
datuer in @E. coli .M B, CV3ac. ,btilij ha .nvcent.

std.

0 312 473 r"424,
6 0 G6,5 52,i 221

24 0 760 133
48 0 60 721 126

[L egcnd]: a) Incubation time; b) Bacterial
concentration per m1 3 ; c) E. coli; d) An-
thrax bacillus Strain r8; eT a. subtilis;
f) Bac. mesent.

If mixed cultures of the specified experimental bac-
teria are examined in the same manner in the liquid medium
with the added polymyxi,, and if they are incubated for dif-
iercnt time i.tc-vals at 370 C after having been innoculated
in Lhe form oi bubcultui'cs on agar or blood agar, one arrives
at a simrliar bacteria count relationship as was the case with
the single cuItures. Colilorm organis1i-s arc thus eliminated
even when the sta-ting concentration is 2000 times larger than
that 01 th> anthrax bacillus spores, whereas the other spore
formers i:;aicated growth.

".;cse results are in agrCement UiLl. the determination
of rvsis.nce in the dilution test. V'hcn broih was used as
a m.ediu., bacttr1iostasis occui-red with the spores of the an-
thrax bacilli ol strain S (final concentration = 10-3 of the
spore suspension) between a concentration of 1.2 and 18.7
polymyxin B/ml. This agrees with the observations by Boger.
The bacteriocidal values, which were determined by transfers,
w ,ere in the saiie range. When the synthetic medium was used,
the spores did not germinate and the bacteriocidal values
'-ere hi,,her than 100 #g/ml. Bac. riesenLericus spores behaved
in a similar manner (in broth citures the values %ere 2.9
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and 10 1 !g/ml, respectively; in the synthetic medium no
geriuination oi spores occurred; the bacteriocidal limit
was over 100 pg/ml). 'hen Bac. subtilis spores were tested
for inhibition cr bacterioc'al 1-ht-n broth, high values
of 47 and 93 " polym;yxin /al woere obtained respectively.
In the synthetic medium the inhibition values wuere in the
neighborhood of 0." ug/ml due to a retardation in growth.
The bacteriocidal li'it was higher than 100 pg/mi. W'hile
With Asp. flavs limiting values of below 100 /g/ml were not
ob!erv-d in either of the two media, the E. coli strain was
sensitive in broth cultures at 1.4 6,/ml 7n.(Ynthe synthetic
medium the bacteriostatic and bacteriocidal values were 0.2
and 1.4 g/rai rCspecLivciy, in the c_6c of Staph. albus
these limit values were 5.8 and 11.7 in the b7ot cultue,
and in the synthetic medium 1.9 and 15 /g/ml respectively.

According to these data one can state thut anthrax
baCilli can easily oe isolated from a mixed flora wvith E.
coli and that the pr'esence of other bacteria spccics malies
the separation dilficult.

For this reason we decided to include the diiflerence
in the de:;'-'ee o resistance, which is occasionally observed
when different strains are used, n orae"r to improve the
method. it w;as shown that on a solid medium, consisting of
the synthkcic nutrient solution (see above) and 2' agar, not
only E. coil and Bac. sebtilis spores germinated and grew in
contrast to anthrax bacillus sporcs, but also Bac. msen-
tericus spores. One could expect, therefore, That Bac.
mesentQkicus also can be inhibited on a corresponding medium
as a resultof its not too higb resistance toward polymyxin.
Since it is desirable to have enrichment data for the proof
of the presence of anthrax bacilli, the following tests were
performed with a membrane filter.

Twenty ml of a suspension coiitaining 11 anthrax bacil-
li/.nl and 209 E. coli/nl (calculated number of living organ-
isris) were filtered through a membrane; the filtrate was
then incubated for 20 hours at 37'C on the synthetic medium
with 2/ agar and 100 atg Polymyxin B/zal; transfers were per-
formed to corrnon nutrient agar and incubated again for 24
hours.

As a control for the bacteria concetration 20 ml each
of anthrax bacilli and E. coli were filtered separately, re-
taining the samc bacter-lal concentration as bcior , and the
filtrate then added directly to the agar (see i sults in Ta-
ble 2).
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Table 2

Isolation of Anthrax Bacilli From an Aqueous
Suspcnsion with E. Coli with the use of
Membrane Filters-and-a-Synthetic Medium

(number of colonies per filter - per 20 ml of
filtered suspension)

)Nah1gcwictono .0 ,N11 li @ . coli ')MI (Koitrlh,) () N. Coli (Kontrolle)
Xeirnart ®V exp. _--thcor. exp). theor. CXP. thcor.

114 22o 17s 22i . "
E.oli 0 4180 - - ®ctwa siO 4180® (,chw'r

it ti.ni"h It r,

dicit gelagcrt)

[Legend]: a) bacteria shown to be present;
b) anthrax; c) E. coli; d) anthrax bacil-
li (control); e) -E. c. i (control); f) exp;
g) theoret; h) a'thrax bacillus; i) E.
coli; j) about 4180 810; k); (difficult to
count because of close proximity).

In a further experiment, suspensions consisting of
different bacteria species were prepared in distilled water.
The number of living organisms was determined in an aliquot
and innoculatcd. From every plate culture 20 ml wore filter-
ered over a rnembrane filter for 20 hours onto the synthetic
medium cowtaining 2% agar and 100 g polymyxin B and then
transferred to blood agar. Of the test plates, plate #1 con-
tained per 10 nil. 10 anthrax bacillus spores, 20 Bac. sub-
tilis spores and 20 Bac. mesentericus spores, 200-E. coi'
and 20 Starph. albus. Plates 2-6 served as checks on the re-
sults o-.ained and contained only one species of microorgan-
ism, namcly 10 anthrax bacilli spores, 20 Bac. subtilis spores,
and 20 ,Dac. mesentcricus spores, 200 E. coTll-and20 Sta~ph.
albus spores per ml. Plate #7 correslon-d--fully to plate 1;
however, it contained only 1 anthrax bacillus spore per ml
and plate S contained only 1 anthrax bacillus spore per ml,
with no other bacteria (results are shown in Table 3).

A further series of tests of a similar nature served
to verify previous results and to determine whether the re-
sults in regard to Bac. subtilis improved by longer incuba-
tion (3 days) of the-filtrate on the polymyxin containing
substrate. The data from this series of tests were again
similar to those in the series of tests mentioned above.
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Table 3

Isolation of Anthrax Bacilli From Bacterial
Suspensions by a Filter Method with a

Synthetic Medium

@AatzNr Nachgowieeno Keimnarten
()ac. iubt. @)Bac. mcsont. () E. col (Staph. alb.

1 oetw 380 )Gesamtkol.ZahI- 0 (400) 0 (4000) 0 (40)
(200) (400)

2 203 (200) - - -
3 - etwa 320 (400) - - -
4 - - 0(400) - -
5i - - 0(4000) -
a - - - - 0(400)

7 etwa 408 Geamtkol..ZaIl 0 (400) 0 (4000) 0 (400)
(20) (400)

8 30(20) - --

The numbers stand for the number of colonies per
filtrate of 20 ml.

( ) f number of colonies present theoretically

[Legend]: a) Plate; b) anthrax bacilli;
c) Bac. subt.; d) Bac. Mesent.; e) Bac-
teria shown to exist;--) E. coli; g)
Staph. alb.; h) Ca; i) Total-ols.;

These tests show that in this procedure E. coli, Staph.
albus and Bac. mesentericus can be inhibited even -.present
in high con-centrations.

Comments and Discussion

A procedure was presented involving enrichment methods
for the selection of anthrax bacilli from aqueous suspensions
grossly contaminated with other bacterial species. After fil-
tration through a membrane filter these were added to a syn-
thetic medium to which polymyxin B had been added and were
then transferred to blood agar after an incubation of 24
hours. The number of anthrax bacilli present were thus quan-
titatively determined. E. coli, Bac. mesentericus and Staph.
albus were also fully in'ibite , even when present in high
concentration. This was not the case, however, with Bac. sub-
tilis and Asp. flavus.

The presence of molds can be disregarded, because these
grow only very slowly under the culture conditions described.
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Colonies of Bac. subtilis differ from anthrax bacilli
on the membrane fil'-Zr and on the blood agar by causing henio-
lysis and can also be differentiated by the color of their
colonies. Anthrax bacillus colonies are whitish-yellow under
these circumstances and those of Bac., subtilis are in great
excess over the anthrax bacilli slice t-i'&T6s-rate shows
uniformn heniolysis underneath the filter. Liquids contaminat-
ed mainly with E. coli or the other bacterial species tested
here can be examh ned relatively easily.

- END-
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